Objectives: Cancer pain is common and difficult to treat, as conservative medical management fails in approximately 20% of patients for reasons such as intolerable side-effects or failure to control pain. Intrathecal drug delivery systems (IDDS), while underutilized, can be effective tools to treat intractable cancer pain. This study aims to determine the degree of pain relief, efficacy, and safety of patients who underwent IDDS implantation at a multidisciplinary pain clinic.
BACKGROUND
Epidemiologic data show that more than 1.6 million new cases of cancer are diagnosed in the United States per year, with more than half a million cancer deaths per year (1) . With increasing incidence of cancer, it is imperative to focus attention not only on safe and effective treatments but also innovations or treatments to improve quality of life throughout the course of the disease, particularly when it comes to cancer-related pain. Most cancer patients experience pain at some point during the course of their disease and approximately 25% die in pain (2) . The prevalence of cancer pain has been reported to be approximately 60-85%, and is the most commonly reported symptom in cancer patients (3) (4) (5) . One survey of more than 5000 adult cancer patients across multiple countries reported a pain prevalence of 84%, with 94% of those experiencing pain classifying it as moderate to severe and 43% classifying their pain as severe (5) . Pain also is experienced regardless of disease state, as high rates of pain were reported by patients with advanced, metastatic, or terminal diagnoses and by those who were receiving anticancer treatments (6) . Cancer pain can significantly decrease patients' quality of life and has been associated with depression, poor general health, poor physical and social functioning, and impaired ability to perform activities of daily living (5, 7, 8) .
The World Health Organization cancer pain ladder specifies that the treatment of cancer pain should begin with pharmacological management via the administration of nonopioids before moving to mild and strong opioids, as needed (9, 10) . However, approximately 5-15% of patients with metastatic cancer have pain refractory to pharmacologic management and require more advanced or invasive techniques of pain management (11) (12) (13) . Thus, many patients do not achieve adequate pain control despite long-term or high opioid usage (14) , which is concerning given current levels of opioid misuse in the United States (15, 16) . Earlier application of interventional pain management techniques for cancer patients can be recommended before considering high-strength opioids and may be beneficial (17) . Specifically, implantable intrathecal drug delivery systems (IDDS) may be a viable option for those with refractory cancer pain to reduce opioid dosages while maintaining or improving pain management and reducing adverse side-effects.
IDDS has been shown to effectively reduce pain scores with better pain control and fewer adverse side-effects after both 4-and 12-week postimplantation, and has been associated with increased survival after six months (3, 18) . Another study found that pain scores decreased from 10 to 3.5 with administration of intrathecal analgesia, with patients showing functional improvements at 14 days with significant improvements in pain control and quality of life (19) . IDDS has also been associated with reduced opioid toxicity, with one study demonstrating a 50% decrease in toxicity for IDDS patients compared to a 17% reduction in those with conventional pain management such as opioids (3) . Furthermore, IDDS has been associated with improvements in quality of life in those with cancer pain in the form of reduced drug-related side-effects. Specifically, those receiving IDDS reported lower instances of both fatigue and depressed levels of consciousness at four months when compared to conservative medical management (20) . Intrathecal analgesia has also been associated with enhanced mental and physical function and improved mood (9) . With improved six-month survival, decreased toxicity, better pain control, and fewer side-effects compared to conventional pain management, IDDS should be considered as an interventional pain management technique especially for those with cancer pain refractory to other pain management techniques.
Cancer pain can be difficult to treat and may often be intractable to conventional medical management. IDDS can be a versatile tool for the management of cancer pain across a variety of patients and types of cancers. This large retrospective study, spanning more than five years, aims to determine if patients who underwent implantation of IDDS at a multidisciplinary pain clinic in a large academic medical center had improved survival due to improved pain relief with IDDS. To our knowledge, this review is one the largest of its kind in regards to IDDS for cancer pain.
METHODS
A retrospective review was conducted following Institutional Review Board approval. The review included those who had an intrathecal pain pump implanted for malignant pain at our large academic multidisciplinary pain clinic between April 2008 and June 2016. Patients with an intrathecal pump implanted for nonmalignant pain were excluded.
Patients were identified by both manufacturer records of device implantation and a chart query for the CPT code for intrathecal pump implantation in order to cross reference our data to ensure accuracy. These lists were then combined and duplicates were excluded. Individual patient charts were reviewed from the time of decision to implant to the end of the record or patient death for data points including basic demographics, type of cancer, pain scores before and after implantation, and the intrathecal drugs utilized. Postimplantation data were categorized as 1-, 3-, 6-, and 12-month postimplant, utilizing the closest available visits to those time points.
Data were primarily collected from new patient clinic forms, pain and oncology clinic notes for outpatients, and physician and nursing notes for inpatients. Data were collected using a RedCap database and stored in Microsoft Excel.
Descriptive statistics related to patient demographics were calculated using the median and interquartile ranges (IQRs) for continuous variables and frequency counts for categorical variables. Pain scores before and after an IDDS implant were reported using the median scores and their corresponding IQR. All pain scores represent a patient's average pain at the time it was recorded. To assess effectiveness of IDDS, a Wilcoxon Signed-Rank test was conducted on the paired differences of pain scores before and after implant. An additional Wilcoxon Signed-Rank test was performed to assess if patients who received bupivacaine had a greater reduction in pain score than patients not receiving bupivacaine. To assess the potential effect of demographic variables on change in pain scores, a regression analysis was conducted using a linear model. We further explored stability of pain scores over time by including pains scores on 43 patients taken at three-month postimplantation using a linear mixed model with a random intercept for each patient. All analyses were conducted in SAS (SAS Institute, Cary, NC, USA) with a significance level of 0.05.
RESULTS
One hundred sixty patients were included in the analysis. Of these patients, the median patient age was 58 years with a range of 18-79. Patients were 52% male and 48% female. Eighty-eight percent of patients were white, 6% black, 1% Hispanic, and 4% other or unknown. Almost all patients (93%) had documented metastatic disease, and over half had a primary cancer of the abdomen or pelvis with the most common type being pancreatic (20%). Pain score, with 0 representing no pain and 10 representing the worst pain imaginable, was collected at time of implant (n 5 152) and one-month (n 5 83), three-month (n 5 43), six-month (n 5 19), and one-year postimplant (n 5 7) for those that had a recorded pain score. No reported pain score may indicate that either a pain score was not recorded during a particular patient visit or that the patient was lost to follow-up due to death or seeking care at another institution. The median pain score at the time of implantation was 7.1 (n 5 152, IQR 6-8). For patients with one-month postimplantation follow-up data, the median pain score was 5 (n 5 83, IQR 2-6). For patients whom both baseline and one-month pain score were available (n 5 80), the median decrease in pain score was 2.5 (Wilcoxon p < 0.0001). Both age (p 5 0.666) and gender (p 5 0.117) were not associated with the reduction in pain scores. Additionally, of those who had both baseline and one-month pain scores, the median value for the reduction in pain score between those receiving bupivacaine (3, IQR 1-4; n 5 57) and those that did not (2, IQR 0-4; n 5 23) was not significantly different (p 5 0.56). A linear mixed model analyses revealed that pain scores three-month postimplantation did not significantly differ from pain scores one-month postimplantation (p 5 0.384). Figure 1 displays the mean pain score over time.
A subgroup analysis was then performed to examine whether the effect on pain score was larger in patients implanted for severe pain compared to those who were implanted for intolerable side-effects of oral opioids but had mild to moderate pain. Excluding patients with a starting pain score less than 6, the median decrease in pain SAYED ET AL. For patients with a recorded date of death (n 5 92), the mean longevity with the intrathecal pump was 138 days and the median longevity was 65 days. Sixty-six percent of patients received bupivacaine in their intrathecal pump solution in addition to opioids. Eighty-seven percent of patients were documented to have received a patient-controlled bolus device. Five patients (3.1%) had their pumps explanted due to infection and, among these patients, the median time to pump extraction was 28 days (IQR 23-52 days).
DISCUSSION
Despite a significant body of literature supporting the utilization of IDDS in cancer pain, worldwide utilization of this treatment modality remains relatively low when compared to the number of patients who would potentially benefit (3, 18, 19) . In a randomized prospective study, IDDS showed improved pain scores, decreased toxicity, and increased survival when compared to conventional medical management (3). Our study further demonstrates a significant reduction in pain scores after implantation. While this study did not explore efficacy across cancer types, the included patients had a wide array of cancer types such as pancreatic, colon, breast, prostate, and several other types of malignancies. Future research could explore if IDDS therapies work better for certain types of cancer diagnoses. In addition, we found that patients with an average pain score of greater than six experienced a greater reduction in pain score. Although reduction of opioid side-effects is one indication for IDDS implantation, this therapy seems to also be effective for those who do not achieve adequate pain control from oral opioids. Additionally, our study showed a median longevity of only 65 days after implantation. However, these data are likely skewed as this only includes patients with a recorded date of death (n 5 92). This number does not include patients who are still living and those that did not have a recorded date of death who were lost to follow-up.
Recent guidelines in the National Comprehensive Cancer Network on Adult Cancer Pain also advise for the utilization of intrathecal infusion when patients either fail to achieve adequate analgesia or have intolerable adverse effects from conventional medical management (21) . A number of reasons could possibly explain the underutilization of IDDS. The belief that systemic opioids provide adequate relief in the majority of patients with advanced cancer is likely not as true as once believed. Previous literature cites ineffective pain relief in up to 14% of patients suffering from cancer-related pain (11) and IDDS appears to be the most effective option in this patient population. Another reason for avoiding IDDS that is commonly cited by implanting physicians and oncologists alike is that IDDS is not a viable option in advanced cancer because of a higher than acceptable risk of infection in this immunocompromised population. However, an infection rate of 2.7% for IDDS in cancer patients was reported in a similar retrospective review, which was actually lower than the 3.3% rate of infection in noncancer patients at the same institution (22) . Our review, with a 3.1% rate of infection, also supports a low infection rate for IDDS implantations in patients with cancer pain. This study is limited by its retrospective design as data were obtained largely from physician notes, which in many cases did not include all the parameters of interest. There were also no standardized collection methods for chart data such as pain scores, as the scores recorded in the patient charts could have represented the patient's current pain, average pain, or maximum pain. Follow-up data were limited by the large referral area of our institution such that many patients received further care closer to home. With the well-demonstrated benefit of IDDS for cancer pain, we feel the equipoise is lacking to justify further randomized trials of IDDS vs. conventional medical management. Future prospective studies looking at outcome measures related to increased survival and quality of life in patients who are referred to a pain specialist at earlier points in the disease process are needed to further strengthen the case for multidisciplinary pain management in general and IDDS in particular among the oncological community. Future research could also aim to explore the reduction in systemic opioids achieved after IDDS and how this changes over time, as well as if there are certain patient populations that experience greater benefits from IDDS. Anecdotally, during chart review we observed that there were many patients who were hospitalized on high dose IV narcotics who were then able to discharge after implantation. There were also many patients who were unable to achieve adequate pain control due to severe medication side-effects and, thus, future research could aim to quantify the presence of and changes in various side-effects such as nausea, sedation, and constipation.
CONCLUSION
Ultimately, we hope that continuing to build the body of literature in support of IDDS for cancer pain will accelerate the rate of adoption of this treatment modality for patients suffering from cancer-related pain. Our study shows significant decreases in pain scores post-IDDS implantation in a variety of cancer types, suggesting that IDDS has the potential to successfully improve cancerrelated pain in a wide variety of patients. IDDS should be strongly considered for those with intractable cancer pain, as increased utilization could potentially provide improvements in both pain and quality of life for many.
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Dr. Sayed served as the primary investigator, assisted with the manuscript preparation, data collection, and editing. Dr. Monroe served as a co-investigator and assisted with the manuscript preparation and data collection. Mr. Orr helped to prepare the manuscript and perform the literature search. Dr. Phadnis performed the statistical analysis. Drs. Khan, Braun, and Manion served as a coinvestigators. Dr. Nicol served as a co-investigator and assisted with manuscript editing. All authors approved the final version of the manuscript. post-IT therapy (p < 0.001). Of the 58 patients, 56% reported at least 30% pain reduction, 44% reported at least 50% pain reduction (3). The current study did not report baseline and follow up change in the consumption of oral/systemic opioids due to data missing in the chart review. There was no reports or comments concerning any functional improvements, quality of life, or activities of daily living. In the patients where VAS (visual analogue scale) was reported as average pain, there was no clarification to explain "average over how long" or average since last visit? The benefit of IT therapy in cancer pain patients as reported in the study, is therefore a reflection of reduced pain as reported by some patients and those that a record exists for review and reporting.
It is to be noted that conducting cancer pain studies is inherently difficult due to multiple factors; the retrospective nature of the current study adds extra limitations due to missing data and patient's loss to follow up to name a few. The authors have done a tremendous amount of work and great analysis of the limited data. Their efforts are to be commended.
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